It has recently been demonstrated that the rate of both hydrogen and potassium excretion can be acutely increased when a disproportion is created between the quantity of sodium and the quantity of penetrating anion available for reabsorption (1). This experimental condition was achieved by the infusion of neutral sodium phosphate into animals which had previously been maintained on a diet poor in sodium chloride. Such short-term observations raised the possibility that sustained changes in availability of penetrating anion might of themselves induce chronic alterations in body fluid composition. This hypothesis was supported by the subsequent observation that restriction of dietary chloride prevents correction of plasma bicarbonate elevations induced by chronic hypercapnia or administration of desoxycorticosterone acetate (DOCA) (2, 3). In each of the latter circumstances, however, the elevated plasma bicarbonate presumably developed as a result of direct acceleration of sodium-cation exchange and these observations, therefore, throw no light on the possible consequences of a primary loss of chloride in a normal animal. Such a loss might be expected to produce either secondary sodium (and volume) depletion, diversion of sodium reabsorption to the cation-exchange mechanism, or some combination of the two. In order to investigate this problem, chloride deficiency has been produced in dogs by the repeated infusion of nitrate, an anion known to induce chloruresis (4).
It has recently been demonstrated that the rate of both hydrogen and potassium excretion can be acutely increased when a disproportion is created between the quantity of sodium and the quantity of penetrating anion available for reabsorption (1) . This experimental condition was achieved by the infusion of neutral sodium phosphate into animals which had previously been maintained on a diet poor in sodium chloride. Such short-term observations raised the possibility that sustained changes in availability of penetrating anion might of themselves induce chronic alterations in body fluid composition. This hypothesis was supported by the subsequent observation that restriction of dietary chloride prevents correction of plasma bicarbonate elevations induced by chronic hypercapnia or administration of desoxycorticosterone acetate (DOCA) (2, 3) . In each of the latter circumstances, however, the elevated plasma bicarbonate presumably developed as a result of direct acceleration of sodium-cation exchange and these observations, therefore, throw no light on the possible consequences of a primary loss of chloride in a normal animal. Such a loss might be expected to produce either secondary sodium (and volume) depletion, diversion of sodium reabsorption to the cation-exchange mechanism, or some combination of the two. In order to investigate this problem, chloride deficiency has been produced in dogs by the repeated infusion of nitrate, an anion known to induce chloruresis (4). 
METHODS
Balance studies have been carried out on 8 healthy female mongrel dogs weighing between 12 and 18 kg. Each day the animals were fed 30 g per kg of body weight of a synthetic diet, of previously described composition (3) . The intrinsic electrolyte content of the diet was 1 mEq of sodium, less than 1 mEq of chloride, and 0.1 mEq of potassium per 100 g. The daily intake was supplemented with approximately 5.5 mEq per kg of body weight of potassium as neutral phosphate (4 HPO4=/ 1 H2PO4-) except in period III when the electrolyte content was modified as described below. All the animals were force-fed twice daily.
Each study was initiated by a control period during which the synthetic diet was administered for a period of 6 to 10 days. The study was then divided into four periods. ' Period I. Sodium nitrate infusions. On 5 to 7 successive days the animals were infused before the morning feeding with 11 mmoles per kg of body weight of sodium nitrate. The sodium nitrate solution (335 mmoles per L) was administered with a constant infusion pump over a period of 90 minutes. On a few occasions the animals vomited small amounts of material (10 to 30 cc). In each instance the vomitus was completely recovered and re-fed later in the day.
Period II. Observations were continued on 6 dogs for a period of 5 to 6 days after nitrate infusions were discontinued. One of these animals, dog I, received a daily supplement of 40 mEq of KHCOS for 4 days, after which it was returned to the previous intake for 4 days.
Period III. Administration of chloride supplement. Each of 6 dogs received chloride according to one of three protocols. a) NaCl supplement (potassium-free intake): Three dogs, F, G, and 0, were given approximately 5.5 mEq per kg of body weight of sodium as neutral phosphate in place of an equal quantity of potassium phosphate. They received, in addition, 5.5 mmoles of sodium chloride per kg of body weight for a period of 6 days. b) KCI supplement (sodium-free intake): Two dogs, L and I, were given 3.5 mmoles per kg of body weight of potassium chloride, in addition to their usual potassium phosphate intake, for a period of 4 days. c) NaCi and KCI supplement: One dog, E, was given 7.7 mmoles of sodium chloride per kg of body weight, in addition to its usual potassium phosphate intake, for a period of 4 days.
Period IV. Two dogs whose chloride deficit had been repaired on a potassium-free intake were subsequently returned to their previous electrolyte supplement of potassium phosphate. Observations were continued for a further S to 6 days.
The analytic methods and calculations have been described previously (3) except for the following determinations. Nitrate was determined in plasma for 5 animals and urine for 7 according to the method of Engelbrecht and McCoy (5) anions one-fifth ( Figure 6 ). Plasma nitrate concentration averaged 4 3. Potassium, sodium, and internal balance (see Table III ). Plasma potassium fell from an average of 4.4 mEq per L at the end of the control period to a final value of 3.0 mEq per L, ranging from 1.9 to 4.1. Potassium losses were generally largest during the first day and tended to diminish thereafter (see Figure 5 ). The final cumulative potassium losses, corrected for nitrogen, ranged from 64 to 121 mEq. The animals remained in approximate sodium balance (see Table  III and Figure 5 Table III ). Plasma creatinine concentration was measured in 7 dogs at the end of the control period and averaged 0.8 mg per cent, ranging from 0.7 to 0.9. It was again measured in 7 animals at the end of period I, or II, or both; the average value was 0.8 mg per cent, ranging from 0.7 to 0.9. Plasma creatinine concentration was measured at the end of period III in 2 animals corrected with sodium chloride and in 2 corrected with potassium chloride; the average value was 0.8 mg per cent, ranging from 0.6 to 0.9. Urine creatinine and urine phosphate remained at control levels throughout the study. Stool losses of electrolytes remained essentially in the control range throughout the study and averaged 4 mEq sodium, 2 mEq potassium, and less than 1 mEq chloride daily. Sulfate measured in 2 animals and showed no significant change throughout the study.
Period II 1. Acid-base balance. Plasma bicarbonate concentration continued to rise slowly. The average increment was 2.0 mEq per L, with a total average rise from control of 11 mEq per L. Plasma pH and pCO2 remained elevated. Net acid exretion showed no consistent deviation from control levels.
2. Chloride, nitrate, unmeasured anions, and organic acids. As shown in Figures 1, 2 , and 4, plasma chloride showed no significant changes. Urine chloride output was negligible. Plasma nitrate fell steadily in all animals (see Figures 1, 2 , and 6), reaching final values, before chloride administration, of 3 to 8 mEq per L. By the second day urine nitrate excretion had fallen to control levels. The reduction in plasma nitrate concentration was accompanied by an equivalent rise in bicarbonate, or unmeasured anion concentration, or both (see Figure 6 ). Organic acid excretion was only slightly above control levels. Dog I, which received a supplement of potassium bicarbonate over 4 days, showed no significant potassium retention or change in plasma acid-base status.
3. Potassium, sodium, and internal balance (see Table III Figures 1-3 ). There was a large decline in plasma bicarbonate concentration to a final average level of 18.0 mEq per L, with an average total decrement of 14.5 mEq per L. At the same time pH and pCO2 fell to normal. Cumulative delta net acid excretion ranged from -71 to -174 mEq, averaging -127. In the animals receiving sodium chloride and a potassium-free intake, a significant portion of the decrement in net acid excretion was the result of a bicarbonate diuresis (see Table I ) which accounted cumulatively for 58, 44, and 43 mEq, respectively. There was a delay of 1 day before plasma bicarbonate began to fall in the animals' receiving sodium chloride. 2. Chloride, nitrate, unmeasured anions, and organic acids. As shown in Figures 1, 2 , and 4, there was a rapid restoration to normal of plasma chloride, with an average final chloride concentration of 113 mEq per L. The total "selective" chloride gains, corrected for sodium retention in animals given sodium chloride, ranged from 87 to 135 mEq (see Table III ). Plasma nitrate fell to undetectable levels and unmeasured anions fell to or below control values (see Figure 6 ). Organic acid excretion remained essentially at control levels.
3. Potassium, sodium, and internal balance (see Table III ). Protocol a) NaCi. During plasma potassium concentration rose to normal levels. There was no significant change in sodium balance and plasma sodium concentration was unchanged. Calculated loss of intracellular sodium averaged 84 mEq and extracellular volume expanded by an average of 0.5 L. Protocol c) NaCi and KCI. Moderate retention of both sodium and potassium occurred and all plasma electrolyte concentrations returned to normal. Internal balance calculations are shown in Table III. 4. Miscellaneous. Animals receiving sodium chloride, on protocols a) and c), gained an average of 0.75 kg with an average fall in hematocrit from 47 to 39 per cent. The animals given only potassium chloride, on protocol b), showed a slight loss of weight and no change in hematocrit. Nitrogen balance was positive in the 4 animals receiving sodium (see Table III ).
Period IV
Two of the animals given sodium chloride and a potassium-free diet during period III were returned to the low-chloride, high-potassium diet used in periods I and II. The animals retained an average of 134 mEq of potassium, and plasma potassium concentration returned to control levels. Plasma bicarbonate concentration rose slightly. Net acid excretion returned to the levels observed prior to the administration of chloride. Nitrogen balance was significantly positive (see Table III ).
DISCUSSION
It is noteworthy that production of severe chloride depletion by means of sodium nitrate infusions was not accompanied by a net loss of sodium despite an average decrease in plasma chloride concentration of 29 mEq per L. Only part of the reduction in chloride concentration was compensated for by a rise in plasma nitrate, and even this replacement was transient, plasma nitrate concentration falling to a low level within a few days after the infusions were discontinued.2 The most remarkable change in plasma composition was a rise in bicarbonate concentration which averaged 11 mEq per L. Body fluid composition was further altered by a loss of potassium which led to an average cumulative deficit of 100 mEq. Although equilibrium between potassium intake and excretion was achieved once nitrate infusions were discontinued, it is noteworthy that there was no significant correction of the previous deficit despite a continued high potassium intake.
The present data are compatible with the hypothesis that the progressive loss of chloride was responsible for the changes in body fluid composition induced by the nitrate infusions. The possibility must be considered, however, that factors other than the anion deficit were responsible for these alterations. For example, a reduction in glomerular filtration rate, secondary to changes in extracellular volume or to a direct effect of nitrate on the kidney, might be invoked to explain the elevated bicarbonate threshold. There is, however, no evidence of any change in filtration rate; plasma creatinine concentration did not change significantly either during or after the period of nitrate infusions. It is recognized, of course, that plasma creatinine is a relatively insensitive index of changes in filtration rate; but, even if filtration fell slightly, it still seems doubtful that such a fall could account for the rise in bicarbonate threshold. Although it is well known that a reduction of filtration rate induced acutely by renal artery constriction increases the rate of bicarbonate reabsorption per unit volume of filtrate (7), there is no evidence that a chronic reduction leads to a similar change; moreover, wide variations in filtration rate induced by fasting or by feeding meat do not alter bicarbonate reabsorptive capacity per 100 cc of glomerular filtrate (7, 8) .
It also might be proposed that the potassium deficit was the sole factor responsible for the rise in bicarbonate threshold. This explanation, however, seems unlikely, since the threshold for bicarbonate fell with the administration of sodium chloride despite the fact that potassium had been withdrawn from the diet. In fact, a further loss of potassium, approximately equal in magnitude to that which had occurred during development of the alkalosis, failed to prevent rapid restoration of normal acid-base equilibrium. The possibility remains, however, that the state of renal potassium stores varied independently of the over-all potassium balance and was critical to the changes in renal threshold for bicarbonate. If such were the case, it would appear, as discussed later, that the changes in tubular cell potassium were determined by the availability of chloride.
The present data allow no definite conclusion concerning the origin of the alkali that appeared in body fluids.3 If it is assumed that the endogenous acid load remained constant as the plasma bicarbonate concentration rose, the absence of a rise in net acid excretion would indicate that the generation of bicarbonate was extrarenal. The fact that potassium balance was negative over this interval favors the possibility that tissue accumulation of hydrogen was responsible for the alkali increment. Several observations during and subsequent to correction of the alkalosis, however, are difficult to reconcile with such an hypothesis. Re 4 It should be noted, incidentally, that in the dog, in contrast to the rat (9) , there is no evidence that potassium depletion leads to significant uptake of hydrogen by tissues; during the repair of severe potassium deficiency inFrom the considerations above it is apparent that no conclusion concerning the genesis of the alkali increment can be confidently reached at this time. It should be pointed out, however, that whatever the origin of the additional bicarbonate, the alkalosis that followed the infusion of nitrate could have developed only if the renal threshold for bicarbonate had been increased.
There are several considerations favoring the hypothesis that selective depletion of chloride was primarily responsible for the rise in bicarbonate threshold and the development of a negative potassium balance.' It has already been demonstrated in acute studies (1, 10) that a disproportion between sodium reabsorption and availability of reabsorbable anion can increase the fraction of sodium reabsorbed through exchange with potassium and hydrogen. It seems reasonable to suggest that such an increase might well be engendered and sustained by a chronic deficit of reabsorbable anion. The observation that in the present studies administration of chloride was the factor critical to correction of both the alkalosis and the potassium deficit accords with this view. During the provision of sodium chloride and a potassium-free diet there was rapid restoration of normal acid-base equilibrium and a striking suppression of net acid excretion. Although the fall in plasma concentration theoretically could be accounted for by expansion of the extracellular fluid, it is clear from data on bicarbonate excretion that the kidney did, in fact, play a critical role in the corrective process. Bicarbonate excretion increased in each animal, the cumulative increment averaging 48 mEq; it can readily be calculated that retention of such an amount of bicarbonate would have more than offset the dilution effect. Since this increase in bicarbonate excretion occurred at duced by Doca, alkali excretion by the kidney fully accounts for the reductions in bicarbonate concentration (3). the time when plasma level was falling sharply (see Table I ), it appears that provision of chloride led to restoration of a normal threshold for bicarbonate. Prompt correction also occurred during administration of potassium chloride and a sodium-free intake, although the alkalosis was resistant to the administration of potassium as phosphate.
Just as administration of chloride was essential to correction of the alkalosis, so it was essential to correction of the potassium deficit. After discontinuation of the nitrate infusions, potassium losses were not repaired despite continued provision of large quantities of potassium in the diet. In contrast, the potassium deficit was readily corrected either during or after chloride repletion.
Although, within the theoretical framework above, chloride deficiency may be viewed as independently affecting renal hydrogen and potassium secretion, the possibility remains that chloride deficiency increased the bicarbonate threshold through its effect on tubular potassium stores. The lowering of the renal threshold for bicarbonate in the face of an increasing potassium deficit would, at first, seem incompatible with such a possibility. It is conceivable, however, that the provision of chloride allowed a reaccumulation of potassium within renal tubular cells despite doubling of the over-all deficit, and that such a reaccumulation mediated the correction of the alkalosis. Similarly, the refractoriness of the alkalosis to the administration of potassium phosphate after the nitrate infusions were discontinued could conceivably have resulted from an inability of the tubular cells to replenish their potassium stores in the face of chloride deficiency. In any event, it appears that the availability of chloride was the final determinant of the observed changes in renal threshold for bicarbonate. Such a role of chloride depletion could also account for the unexplained rises in plasma bicarbonate concentration previously noted after intravenous administration of sodium nitrate (11) or peritoneal dialysis with sodium nitrate (12) . SUM 
MARY
Chloride depletion was induced in 8 dogs, on a low-chloride diet, by the infusion of 11 mmoles of sodium nitrate per kg of body weight on 5 to 7 successive days. During this period there was no net loss of sodium nor any significant fall in serum sodium concentration. There was, however, a progressive fall in chloride concentration that was accompanied by an increase in the plasma levels of nitrate, bicarbonate, and unmeasured anions, and also by a negative potassium balance. When nitrate infusions were discontinued, plasma nitrate concentration fell and plasma bicarbonate rose slightly to final levels averaging 11 mEq per L above control. During the post-infusion period the continued administration of a large quantity of potassium failed to correct either the alkalosis or the potassium deficit. Although the present data do not define the origin of the additional bicarbonate that appeared in the extracellular fluid, they indicate that there was a marked rise in the renal threshold for bicarbonate.
Correction of the metabolic alkalosis was rapidly effected by the administration of sodium chloride, despite the fact that simultaneous withdrawal of potassium from the diet resulted in a marked increase in the severity of the potassium deficit. Since the fall in plasma bicarbonate concentration was accompanied by a substantial increase in bicarbonate excretion, it appears that the renal threshold for bicarbonate had been returned to normal. This finding, together with the observation that administration of potassium chloride and a sodium-free diet also promptly restored acid-base equilibrium, indicates that provision of chloride was the factor critical to the corrective process. Similarly, it was shown that the potassium deficit could be repaired only when chloride stores were replenished.
On the basis of these observations, it is tentatively proposed that chloride deficiency was responsible for both the increase in bicarbonate threshold and the negative potassium balance. It is suggested that the loss of chloride, by reducing the availability of reabsorbable anion, increased the fraction of sodium reabsorbed by means of cation exchange. Although, within the theoretical framework above, chloride deficiency may be viewed as independently affecting renal hydrogen and potassium secretion, the possibility remains that chloride deficiency increased the bicarbonate threshold through its effect on tubular potassium stores. Such a proposal would imply that sodium chloride administration allowed local reaccumula-tion of tubular cell potassium despite the increasing negative potassium balance. In any event, it appears that the availability of chloride was the final determinant of the observed changes in renal threshold for bicarbonate.
